Objective-To describe factors associated with pressure ulcers in individuals with spina bifida (SB) enrolled in the National Spina Bifida Patient Registry (NSBPR).
myelomeningocele, the number of ulcers has also been found to be associated with motor and educational level. 15 Understanding factors associated with pressure ulcers in this population is critical to help them maintain or improve their health. Using results from a prospective study with an adequate sample size will provide a scientific basis to help influence clinical care. This study aims to explore factors associated with pressure ulcers in individuals enrolled in the National Spina Bifida Patient Registry (NSBPR) in the United States between 2009 and 2012.
Methods

Study population
The sample is composed of participants with SB from 19 clinic sites who participated in the NSBPR between 2009 and 2012. After institutional review board approval and obtaining informed consent/assent from parents and patients, the clinics collected longitudinal data on individuals with SB. 16 At the initial visit, basic demographic and diagnostic information as well as information on surgical procedures were collected from each patient. At the initial visit and each subsequent annual visit, information on insurance status, anthropometric measurements, surgeries and procedures, education and employment, and treatments and outcomes was also collected. Depending on when a patient was enrolled, a patient may have had from 1 to 4 submitted annual reports. By the end of 2012, a total of 3738 participants were enrolled in the NSBPR. Of these, 585 participants aged <2 years at enrollment were excluded because mobility status is variable in this age group and for this reason they were not typically evaluated as a cohort. The final analytical data set was composed of 3153 participants' 5593 annual reports (see supplemental tables S1 and S2, available online only at http://www.archives-pmr.org/).
Variables
SB type and level of lesion-Participants were classified into 2 SB types: myelomeningocele or non-myelomeningocele, which included the diagnoses of meningocele, lipomyelomeningocele, or fatty filum. Each patient's level of lesion was determined on their both right and left sides on the basis of the presence of antigravity strength of muscle groups: hip flexors, quadriceps, dorsiflexors, and plantar flexors. The functional level of lesion was classified into 5 categories-1, sacral, 2, low-lumbar, 3, midlumbar, 4, high-lumbar, and 5, thoracic in the order of increasing severity-and used as a continuous variable (1) (2) (3) (4) (5) in the analysis. For asymmetric level of lesions, the higher spinal level (ie, more severe) was selected. time of each annual visit were considered as (partial history) binary indicators. Orthopedic surgeries were divided into 2 categories: above the knee and below the knee. Procedures addressing scoliosis, kyphosis, hip flexion contracture, and hip subluxation/dislocation were classified as above the knee procedures. Correction of knee flexion contracture, external tibial torsion, ankle valgus deformity, equinus contracture, clubfoot deformity, congenital vertical talus, and congenital deformity of foot were considered as below the knee procedures. Lastly, to consider the effect of recent hospitalization on pressure ulcers, a summary variable reflecting any recent surgery since the previous annual visit was also created as a binary variable (yes/no).
Bladder/bowel incontinence-Participants were asked if they were wet during the day with or without interventions for bladder incontinence and if they experienced involuntary stool leakage for bowel incontinence. If they responded yes to either question, they were assigned to the incontinence group for bladder and bowel, respectively.
Ambulatory ability-Participants were grouped into 4 ambulatory categories and then regrouped into 2 groups: community ambulators or wheelchair users. Community ambulators were defined as those who are able to walk indoors and outdoors for most of their activities regardless of whether they use assistive device or braces. Individuals in this group could use a wheelchair, but only for long trips in the community. Otherwise, individuals were classified as wheelchair users.
Insurance type, age group, and race/ethnicity-Medicaid, Medicare, and state highrisk health care plans were classified into public insurance, and all other types of insurance were classified as private. Participants were classified into 1 of 3 groups at each annual visit: group 1 included patients aged 2 to <10 years, group 2 included patients aged 10 to 20 years, and group 3 included patients aged >20 years; age group was treated as a continuous variable (Groups 1-3) in the analysis. With regard to race/ethnicity, participants were classified into non-Hispanic white, non-Hispanic black, Hispanic or Latino, or Asian.
Data analysis
The study population was described by their general characteristics at the most recent annual clinic visit. To examine any association between pressure ulcer status and a candidate factor, multiple logistic regressions were run treating pressure ulcer status as a dependent variable and any given factor as a primary independent variable by using all data. SB type, SB clinic, and age groups were adjusted in the analyses, as we assumed that the variation of ulcers would be explained by SB types, ages, and the unobserved clinic level effects; for example, clinics may treat wounds differently or have a patient population that differs significantly from that in other clinics. We note that a clinic with a sample of size n=42 was set as the reference. To account for repeated measurements per patient over multiple years, generalized estimating equation (GEE) analysis was performed with a compound symmetry correlation structure. The GEE is robust for the misspecification of the covariance structure and is more efficient for large sample sizes compared to the number of repeated measures. For the factors that had significant associations (P<.05) in the analyses, the adjusted prevalence of pressure ulcers was calculated over various age groups by SB type.
In addition, we developed the final model to select the joint model, balancing model complexity, and model fit by applying quasi-likelihood information criteria (QIC). 17 The QIC method is a model selection method for GEE models. Including all the significant factors initially, the final model was developed as the one that led to the smallest QIC by comparing several GEE candidate models. All data analyses were performed with SAS version 9.3.18, a
Results
Pressure ulcer prevalence
The final analytical data set was composed of 3153 participants with at least 1 completed initial and annual visit report forms. During the study period, 1036 pressure ulcers occurred in 825 participants (26%). Table 1 lists the general characteristics of participants by pressure ulcer status at the most recent annual clinic visit. Approximately 19% (n=603) of participants reported a pressure ulcer in the past 12 months. The myelomeningocele group had a higher prevalence of pressure ulcers. The prevalence of pressure ulcers increased with a higher level of lesions, gradually increasing from 7% (n=63) in participants with sacral level lesions to 31% (n=169) in participants with thoracic level lesions. In comparison with community ambulators, wheelchair users had an 11% higher prevalence of pressure ulcers. Participants with bladder incontinence were 1.1% more likely to experience pressure ulcers than did participants with bowel incontinence, and overall, ulcers were more common in participants with any incontinence. The prevalence of pressure ulcers was higher in those with a history of neurologic and orthopedic surgeries, non-Hispanic black participants, men, those aged ≥10 years, and those with public insurance only. The mean age was >6.3±2.1 years for patients aged 2 to <10 years, 14.9±2.8 years for patients aged 10 to 20 years, and 27.8±8.8 years for patients aged >20 years.
The location of ulcers was most frequent in the areas of the foot, lower limb, or posterior pelvis for all age groups and SB types (fig 1) . Participants with myelomeningocele had more ulcers than did participants with non-myelomeningocele. Although participants aged 2 to <10 years had more ulcers on the lower limb than on the posterior pelvis, those aged ≥10 years had more ulcers on the posterior pelvis than on the lower limb.
Pressure ulcer factors
The results of multiple logistic regression using the GEE are summarized in table 2. Adjusting for SB type, SB clinic, and age groups, the factors significantly associated with pressure ulcers were level of lesion, ambulation status, bladder incontinence, shunt placement, above the knee orthopedic surgery, recent surgery, and male sex. For each increase in the functional level of lesion, the odds of pressure ulcers were increased by 34% (P<.001). The odds were 74% higher (P<.001) in wheelchair users and 22% higher (P=.02) in participants with bladder incontinence. The odds of a pressure ulcer were increased by 49% (P<.001) in participants with a history of shunt placement and by 53% (P=.02) in participants with a history of above the knee orthopedic surgery. In men, the odds were 17% (P=.04) higher than those in women. No significant associations were found between pressure ulcer and bowel incontinence, Chiari II decompression, urology surgery, tethered cord release, below the knee orthopedic surgery, race/ethnicity, or insurance type. The 3 adjusting variables-SB type, SB clinic, and age groups-were all significant in all analyses (data not shown). To facilitate the interpretation of these results, we illustrated the adjusted prevalence of the pressure ulcer status for the 7 significantly associated factors by their values (yes/no) from the fitted model over various age groups in figure 2 . Overall, the prevalence of pressure ulcers in participants with myelomeningocele was higher than that in participants with non-myelomeningocele. Also, as the age increased within both myelomeningocele and non-myelomeningocele groups, the prevalence of pressure ulcers increased gradually. For example, in wheelchair users with myelomeningocele, the pressure ulcer prevalence was 29% in the age group of 2 to 10 years, 42% in the age group of 10-20 years, and 55% in the age group of >20 years. In their peers with non-myelomeningocele conditions, the pressure ulcer prevalence was 18%, 27%, and 39%, respectively. In participants with myelomeningocele with shunt placement, the adjusted prevalence of pressure ulcers was 7% higher in the age group of 2 to 10 years, 9% higher in the age group of 10 to 20 years, and 10% higher in the age group of >20 years as compared with those who were not shunted.
Our final model included level of lesion, urinary incontinence, recent surgery, and male sex, adjusting for SB type, SB clinic, and age groups (see table 2 ). Higher level of lesion and male sex including SB type, age group, and SB clinic were still significantly associated with pressure ulcers (all P<.05): the odds of pressure ulcer were 55% higher for the myelomeningocele group (odds ratio [OR], 1.55; 95% confidence interval [CI], 1.17-2.04) and 68% higher for one age group increase (OR, 1.68; 95% CI, 1.48-1.92) (not shown in table 2 ). The ORs for 18 clinics versus the referred clinic are presented in figure 3 (ORs, 0.08-1.16). The ORs excluding 1.00 in the 95% CI are significant.
Discussion
Pressure ulcers were more common in individuals with a higher level of lesions in the study, which is consistent with the findings of Ottolini et al. 13 In general, higher lesion levels are generally associated with higher degrees of paralysis and sensory loss, which may explain the higher rates of pressure ulcers. Wheelchair use was also associated with ulcers, which is not surprising because prolonged sitting and immobility may predispose to pressure ulcers. Among demographic factors, male sex was associated with the occurrence of pressure ulcers. Similar findings for higher risk of ulcers in men were reported among palliative home care clients, 19 adults in acute care hospitals, 20 and individuals with spinal cord injury, 21 where a higher level of care requirements 19 and poor nutrition 20 compared to women were discussed as possible reasons. After neurological surgeries, we found that ulcers were more likely to occur in the shunted group. 13 Bladder incontinence was another factor associated with ulcers, whereas bowel incontinence was not. Work by others has suggested that urinary incontinence may be a more accurate predictor than fecal incontinence in individuals with spinal cord injury, 22, 23 and it has been well demonstrated that incontinence and moisture are strongly associated with pressure ulcers. For orthopedic surgeries, only above the knee procedures were related to ulcers. Although the interactions of mobility status, orthopedic surgery, bracing, and pressure ulcers are likely quite complex, it is possible that individuals undergoing orthopedic procedures above the knee are more vulnerable to pressure ulcers because their mobility may be more limited than those who have procedures exclusively below the knee. Any recent surgery was also related to ulcers. This may indicate a hospital-acquired pressure ulcer related to some posthospitalization circumstance. This cannot be clearly explained using these data because the date of the pressure ulcer occurrence was unknown.
Interestingly, a few studies reported that shunt, wheelchair use, sex, 14 and level of lesion 24 were not associated with pressure ulcers in individuals with SB, which was in contrast to our findings of this study. However, these studies may lack the statistical power to reveal the risk factors for ulcers because of small sample sizes (n=87 or 66), and the lack of significance in small studies should not be considered as evidence that the factors are not a risk factor.
In all analyses, we adjusted for SB type, age groups, and SB clinic, and these estimates were all statistically significant. As expected, individuals with myelomeningocele are more limited in their ambulation than those of the non-myelomeningocele group; pressure ulcers were more prevalent in those with myelomeningocele. 11, 25 The significant relation of the age to pressure ulcers corresponds with findings of a previous study, 26 but in our study, ulcers are most common in adults aged >20 years, not in adolescents. Interestingly, the SB clinic is significant, possibly because of clinical variations in diagnosis, skin inspection, patient/parent education, and pressure ulcer treatments. For example, in some clinics, skin care specialists may check the patients during their regular visit, but in other clinics, ulcers may be reported by patients only when asked by clinicians.
Study limitations
Our study has several limitations. First, participants were not asked to record exact dates of their surgeries and pressure ulcers; therefore, some surgical procedures potentially occurred after participants developed pressure ulcers, although all occurred in the same year. Second, although pressure ulcers reported by a participant and by examination are different entities, we could not separate these from our data. Third, although long-term prospective data are well suited to address causality of the factors, we could review NSBPR data only over a 4year period at this time. However, annual data continue to be collected up to 2019 (the currently funded period of this longitudinal data collection) including exact dates of the surgical procedures extracted from medical records, so the risk factors for ulcers may be better understood in a future analysis. Fourth, the impact of mobility category on pressure ulcers was assessed with only wheelchair use, whereas orthoses and other devices can also cause pressure or shear that can lead to ulcers. Fifth, we did not distinguish between factors related to initial ulcers versus those related to recurrence of ulcers. Ulcer recurrences were previously found in 53% of individuals with SB. 13 We also did not distinguish between factors related to multiple ulcers. We expect that future studies with more (longitudinal) data will address these issues better. Sixth, the prevalence of pressure ulcers is possibly underestimated for the general population with SB because participants may not report their ulcers during an annual visit unless they were routinely examined by clinicians. Finally, we did not adjust for multiple testing such as Bonferroni correction because this study was exploratory in nature and we did not posit a strong assumption of no association between pressure ulcers and a factor.
Conclusions
Recent pressure ulcers were present in 19% of the total sample at the mean age of 14 years, present in 22% for myelomeningocele and 9% for non-myelomeningocele. Factors with statistically significant associations with pressure ulcers were level of lesion, wheelchair use, urinary incontinence, presence of shunt, recent surgery, and male sex. Of these, level of lesion, urinary incontinence, recent surgery, and sex were also included in the final model. Approximately 75% to 85% of individuals born with SB are now surviving into adulthood, likely owing to advances in medical and surgical care. 27, 28 This elevates the importance of dealing with the morbidity associated with pressure ulcers in a longer living population. When considering prevention and treatments for pressure ulcers, more importance should be placed on the factors identified in these models of association. Adjusted prevalence (%) of pressure ulcers by associated factors over various age groups for myelomeningocele (top) and others (bottom), adjusting SB clinic. Adjusted prevalence was calculated using GEE analysis. Each model included the factor of interest, age group, SB type, and SB clinic. OR (95% CI) for SB clinics in the final model. 
